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The insecticidal activities against houseflies (Mitsca domestica L.) and mustard 
beetles (Phaedon cochleariae Fab.) of the chrysanthemate bioresmethrin, and of 31 
related 5-benzy]-3-furylmethyl 2,2-dimethylcycIopropanecarboxylates with alkenyl, 
alkadienyl or alkoxycarbonylalkenyl substituents at position 3 of the cyclopropane 
ring are compared to determine the relative influence of the isobutenyl sidechain (as 
in chrysanthemates) and of the other side chains. Several substituents, in particular 
(E)- or (Z)-butadienyl or -pentadienyl, give considerably greater activity than iso- 
butenyl but alkoxycarbonyl compounds are less potent. 



This paper complements the preceding one in the series 1 and reports a systematic study of the 
influence on insecticidal activity of the side chain in the acidic component of esters related to the 
natural pyrethrins and to bioresmethrin (I; R= — CH=CMe2>. Non-ethyienic replacements for R 
were considered in the preceding paper; 1 here compounds with one or more centres of unsaturation 
are examined. 



2.1. Materials 

The syntheses of all of the compounds examined have already been described. 2 
2.2 Methods 

Activity against houseflies Musca domestica L. and mustard beetles, Phaedon cochleariae Fab. was 
assessed by the methods described previously. 3 
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3. Results and discussion 

Staudinger and Ruzicka 4 and succeeding workers 5 - 6 recognised that the nature of the substituent 
at C-3on the cyclopropane ring influences the character of the insecticidal activity of pyrethroids; 
for example, pyrethrin II has faster knockdown but lower killing power than pyrethrin I against 
most species of insect. 7 - 8 However, when the present work started, relatively little was known 
about the effects of modifying this side chain apart from the work of Martel and collaborators. °- 10 
Compounds with non-ethylenic substituents at this site were discussed in the preceding paper; 
here the effects of mono- and di-olefinic groups are considered in one section, and of alkoxycarboxyl 
compounds related to esters of pyrethric acid in another. This investigation was also stimulated by 
the observation 11 that an important site for metabolic attack on pyrethroids in mammals is at the 
rro/w-methyl group of the isobutenyl side chain of chrysanthemates. If the same route 12 - 13 is 
important for detoxication in insects, modifying this site by removing the methyl group might 
increase insecticidal activity; this was tested with some of the compounds described here. 

All the. esters (see formula I) were of 5-benzyI-3-furylmethanol, and had side chains at C-3 
trans to the carboxyl function on the cyclopropane ring. Compounds were synthesised as already 
described, 2 by routes preserving the chiral centre at C-l in the active (^-configuration ; such 
consistent stereochemistry simplified deductions from the biological results. However, valuable 
preliminary observations were made with the (±)-trans-viny\ and -propenyl compounds. 14 

In the mono-unsaturated series, to both insect species the trend was for insecticidal activity to 
increase from the vinyl-substituted ester (1; Table 1) to a maximum at the (Z)-but-l-enyl compound 
(4), then diminish with pent-l-enyl and hex-l-enyl esters (5 and 6). Where both geometrical isomers 
were available (2 and 3), there was little difference in activity to mustard beetles. However, to 
houseflies (known to have strong mixed function oxidase detoxication systems 13 ) the (Z)-isomer 
is more active than the (J5>isomer. Of the two forms, the (Z)-isomer lacks the appropriately 
oriented methyl group established as a site for metabolic attack, but detailed investigation would 
be needed to establish diminished detoxication as the reason for the greater activity. Changing 



Table 1- Influence of unsaturation in side chain on relative potency 



Relative potency to 







Houseflies 


Mustard beetles 


Compound 




{Musca 


(Phaedon 


no. 


R in formula (I) c 


domestica L.) 


cochleariae Fab.) 


Bioresmelhrin 


CH=CMea (standard) 


1000" 


1000& 


1 


CH = CH 2 


680 


720 


2 


CH = CH-Me (£)— 


650 


1300 


3 


CH = CH-Me(Z)— 


1500 


1100 


4 


CH=CH Et (~90% Z)— 


1600 


1600 


5 


CH = CH-Pr (Z)— 


640 


650 


6 


CH=CH-Bu(Z)— 


270 


540 


7 


CH = C(Me)(Et) (50% E)— 


470 


630 


8 


CH= CH ■ CH = CH B (E)— 


2000 


600 


9 


CH=CH CH = CH 2 (Z)— 


2000 


390 


10 


CH= CH - CH = CH • Me (£)— 


1000 


780 


11 


CH=CH- CH= CH • Me (Z)— 


2000 


2000 


13 


CH = CH • CH = C • Me 2 (£)— 


160 


1100 


14 


CH = CH • CH = C • Me 2 (Z)— 


920 


1600 


15 


CH = C(Me) • CH= CHa (Z)— 


1000 


1500 


16 


CH = C(Me) • C H = CH • Me (Z)— 


740 


780 



a LDso ~6 ng per insect. 
*> LDso ~5 ng per insect. 

c Configuration given is for C(l)— C(2) bond in R. 
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either methyl group of the parent isobutenyl compound to ethyl (mixed isomers, 7) diminished 
activity. Such variations of potency with chain length, unsaturation and branching are probably 
related to requirements for optimum fit and polarity, as discussed previously. 15 - 10 

Compounds (8-16) with conjugated dienic unsaturation were generally more active than the 
mono-olefinic compounds against both species, 4- and 5-carbon substituents being most potent. 
The degree of unsaturation at this site in the molecule influences local and overall physical proper- 
ties, and the greater activity of the dienic compounds may be related to the relatively greater potency 
of pyrethrin I (diene side chain) .compared with allethrin (alkene side chain) to most species. 17 
Neither the geometrical configuration nor, in the examples here, the position of the methyl sub- 
stituents was especially important for insecticidal activity. The locations in the molecule of the 
various groups considered, like oximinomethyl in the preceding paper, 1 are determined by the 
geometry of the cyclopropane ring. Although the present examples are all frans-compounds, the 
potency of both cis- and //a/w-isobutenyl and -dihalovinyl substituted (li?)-cyclopropanecarboxy- 
lates 6 - 18,19 indicates that appropriate functions confer activity from either position at C-3. 

Okada et al*° prepared optically active cis- and ^orti-2,2-dimethyl-3-vinylcyclopropanecarboxylic 
acids, but assayed only their allethrolone esters, so that only limited comparison with the present 
results is possible. Matsui et a/. 81 made a variety of esters of 2,2-dimethyl-3-vinyl- and 2,2-dimethyl- 
3-(l-propenyl)cyclopropanecarboxylates of unspecified stereochemistry, with results consequently 
difficult to interpret. After this work was completed, a patent 22 became available, describing, again 
without details of stereochemistry, various esters with side chains as in (8-16) as well as 3-methyl- 
and 2,3-dimethylbutadienyl, 3-methyl-, 4-methyl-, 2,3- and 3,4-dimethyl-, and 2,3,4-trimethyl- 
pentadienyl compounds. The biological data agree well with results here; the most active side 
chains are butadienyl, pentadienyl, and 4-methylpentadienyl, and with a range of 11 alcohols, the 
(2T)-butadienyl compound is 1.5-3.0 times as active as the isobutenyl standard. 

It is known, from the structure of pyrethrin II, that esters of pyrethric acid (which has an un- 
saturated methyl ester function in the side chain at C-3) have significant insecticidal activity, but the 
relationship between activity and the structures of various other esters of related acids had not been 
studied. Table 2 shows results with 15 5-benzyl-3-furylmethyl esters of pyrethric and closely related 

Table 2. Influence of substitution in unsaturated ester derivatives on relative potency 



Relative potency to 

Houseflies Mustard beetles 

(Musca [Phaedon 
R in formula I domestical.) cochleariae Fab.) 



17 CH=CH-CO.Me<£)— 

18 CH = CH-COeEt(E)— 

19 CH = CHCO z Pr(£)— 

20 CH = C(Me) • C0 2 Me (£)° 

21 CH = C(Me) • COssEt (£•)— 

22 CH = C(Me) • COssPr (£)— 

23 CH= C(Et) • C0 2 Me (£)— 

24 CH = C(Et) • COaEt (£)— 

25 CH = C(Et) • CChPr (£)— 

26 CH = C(CI) COaMe (70:30)" 

27 CH = C(C1) • COaEt (70: 30) 

28 CH = C(C1) • COaPr (80:20) 

29 CH = C(Br) • COaEt (80 : 20) 

30 CH = C(CN)-COzEt (I isomer) 

31 CH = C(CN)a 



1000 


1000 


91 


73 


67 


510 


25 


40 


290 


440 


280 


450 


26 


240 


130 


360 


300 


290 


23 


55 


82 


340 


150 


340 


23 


120 


440 


320 


140 




14 


non-toxic 



characterised separately. 
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acids against the two insect species. Compounds (17-19) unsubstituted on C-2were less active than 
those (20-25) with methyl or ethyl groups, and ethyl and methyl esters (17, 18, 20, 21, 23, 24) were 
mon ictive than propyl (19, 22, 25). In this series, unlike the alkenyl, chloro (compounds 26-28) 
was a less effective substituent than methyl, but the one bromo compound (29) had high activity, 
especially against houseflies. 

■ All this second series of compounds (Table 2) are less active than the parent bioresmethrin. and 
only slightly more so than the ester (20) of pyrethric acid, the constituent of the natural ester 
pyrethrin II. 

Dihalovinyl, 18 - 10 butadienyl and pentadienyl side chains are therefore established as substituents 
on the cyclopropane ring which give useful increases in insecticidal activity over the isobutenyl side 
chain present in chrysanthemic acid. However, greater stability and ease of synthesis make dihalo- 
vinyl esters 24-26 more promising compounds for practical applications. 
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